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F O R U M S h o r t P a p e r
Perceived Realism of Virtual Environments
Depends on Authenticity
While the perception of a virtual environment (VE) is
usually described in terms of its level of immersion and
users’ sense of presence, the construct of authenticity
might be more useful. The authenticity of a VE depends
on whether the affordances and simulations chosen in its
implementation support (1) users’ expectations based on
their Bayesian priors for regularities in the real world and
(2) the users’ intentions in the VE.
With the growing number of consumer-grade virtual
reality (VR) headsets, there is increasing interest in what
makes a good virtual environment (VE). While there are
several useful constructs for discussing users’ perception
of a virtual environment, that is, fidelity, immersion, and
presence, the term ‘‘authenticity’’ refers to whether the
virtual environment provides the experience expected by
the user, both consciously and unconsciously.
The concept of fidelity is frequently tied to the good-
ness of a VE; how realistic is it? However, depending on
the context, different types of fidelity become relevant.
Visual fidelity (Does it look realistic?) might be impor-
tant for the windshield portion of a driver training simu-
lator (McMahan, Bowman, Zielinski, & Brady, 2012;
Riener, 2010), but auditory fidelity (Does it sound real-
istic?) is critical for simulators of heavy equipment opera-
tion (Lu & Davis, 2016), where operators make deci-
sions based on engine sounds. In a surgical simulator
(Triantafyllou, Lazaridis, & Dimitriadis, 2014), surgeons
need to feel the tension of tissue through a high-fidelity
haptic interface (Does it feel realistic?). This list of fidel-
ities is by no means exhaustive, but enumerating a few
argues that measuring fidelity depends on the context
and tasks at hand. Also, the concept of fidelity offers no
real guidelines for establishing target thresholds. How
much fidelity is good enough?
Bowman and McMahan (2007) use the terms
‘‘immersion’’ and ‘‘presence’’ to discuss the realism of a
virtual environment, framing immersion as an objective
measure of the simulation equipment provided. What
field of view is provided by the VR headset or surround
screen? What is the reaction latency? A VE with higher
immersion, so the argument goes, should lead to higher
fidelity, and generate a greater sense of presence, the
subjective experience felt by the user. But if I put you in
a highly immersive environment and give you badly
designed content to experience, will you perceive the VE
as realistic and experience presence? Probably not.
What’s missing from this dichotomy of immersion
(objective, system-focused) and presence (subjective,
user-focused) is a computational theory about the extent
to which the VE reflects the expected regularities of
world that it is attempting to represent—its authenticity.
Authenticity draws on two streams of thought: expecta-
tions and motivations. The expectations stream arises
from natural computation (Richards, 1988) and Bayes-
ian inference (Tenenbaum & Griffiths, 2001). These
researchers focus on the fact that perception is an under-
constrained computational problem. Without observers’
probabilistic assumptions about the external world
(Bayesian priors), the mathematics of perception are not
possible to resolve based solely on the limited inputs to
our senses. Thus, as observers, we build mental probabil-
istic models of the regularities of the world around us.
Yang and Purves (2003), for example, described how the
visual space we perceive is based on Bayesian inferences.
A virtual environment, in its attempt to offer a useful
proxy of one portion of the world, offers an even further
reduced set of sensory information than the real world.
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ers’ assumptions and priors for the real world could
emphasize only features that leverage those expectations
and leave out irrelevant features. The resulting VE could
have lower fidelity but higher authenticity than even a
real environment, since the signal-to-noise ratio for rele-
vant world features would be much higher in this clev-
erly designed VE than in the real world, which is full of
distractions. A VE populated with human-controlled
avatars, for example, could offer highly authentic human
interaction while displaying low-fidelity cartoon avatars.
Authenticity’s second stream of thought comes from
art historians and archaeologists who think carefully
about the past, and who often seek to establish whether
artifacts found in the present are authentic. While estab-
lishing an artifact’s date and place of origin might be a
matter of objective fact, Lovata (2007) argues that these
facts are simply nominal authenticity, and that a richer,
more complex sense of authenticity is context depend-
ent, and depends on the motivations of the observer. As
an example, he notes that the Anasazi cliff dwellings of
Manitou Springs, Colorado, USA, are fake, created in
the early 20th century as an educational tourist attrac-
tion. Traditional archaeologists might deem these dwell-
ings inauthentic archaeology. Lovata suggests, however,
that this site can be considered authentic for tourists,
because it was not built for archaeologists; it was
designed with the intention of engaging tourists with a
past culture. Because Manitou Springs is labeled accu-
rately and allows complete touching and exploring by
visitors, it fulfills its purpose for this audience. It could
be deemed more authentic for tourists than the histori-
cally genuine cliff dwellings in Mesa Verde National
Park, where visitors cannot touch or explore on their
own, lest they damage artifacts.
Like Manitou Springs, a virtual environment is often a
replica of some portion of the real world designed with a
specific purpose. I suggest that immersion is the system-
based factor that influences presence, and that authentic-
ity is the human-based factor that influences presence, as
measured by whether it aligns with the expectations of
users in terms of Bayesian priors given the designed pur-
pose of the VE (see Figure 1). Slater and Wilbur’s
(1997) Framework for Immersive Virtual Environments
(FIVE) and Slater’s (2009) more recent description of
the plausibility illusion offer related ideas, in that the
VE’s models of interaction affect presence, but these
models are not easily measured or categorized. With the
tools of Bayesian inference, I suggest that a VE’s authen-
ticity could be evaluated probabilistically, independently
of the user, giving us another method of predicting pres-
ence more reliably.
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